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Abstract 
 
   The variation of average brightness during the time and the variation of the 
amplitude of the Mira-type stars T Cep, X CrB, U UMi, U Cyg, BG Cyg is 
studied. For the research, the observations of the members of the French 
association of observers of variable stars (AFOEV) covering almost 100 years 
are used. 
   All stars show cyclic variations of the specified parameters. For T Cep, U UMi 
and U Cyg, the values of quasi-period of the variations of average brightness are 
about 1400, 1025 and 1680 days, respectively. For the stars T Cep, U UMi and 
BG Cyg, the period of the brightness variations changes, but we used a mean 
one. 
   The dependences «average brightness - JD» and «amplitude - JD» are plotted. 
Results are discussed. 
 
Key words 
 
   We have studied photometric behavior of five Mira-type stars (red giants of 
solar masses, AGB) on the basis of the own observations on negatives of the 
seven-camera astrograph of the Astronomical Observatory of the Odessa 
National University and on published observations of the French association of 
observers of variable stars (AFOEV).  
   For the time series analysis, we have used the software “Four” described by 
Andronov (1994) realizing trigonometric polynomial fit of statistically optimal 
degree with differential corrections to determine an optimal (for a given degree) 
value of the period. For determination of the dependence of the phase-averaged 
magnitude, we have used the method of “running sines” (see Chinarova 1998 for 
the first application). Reviews on used methods of time series analysis were 
presented by Andronov 2003, 2005). Recent our study of other stars was 
published by Kudashkina and Andronov (2010). The review on LPVs (Long-
Period Variables) was presented e.g. by Kudashkina (2003). 
   For all stars, the basic photometric parameters have been calculated: the period 
P, amplitude, asymmetry of light curves. Also additional photometric parameters 
are calculated: amplitude of the first and second harmonics of mean light curve 
in stellar magnitudes (r1, r2), the phase of the maximum of the amplitude for 
each harmonic (Φmax) in respect to the maximum. The parameters of the slope of 
branches of the light curve are calculated: value of a slope of the ascending 
branch (incline) in the point of the greatest slope (mi), similarly for a descending 
branch (md), phases of the greatest slope of branches, characteristic time of 
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increase (decrease) of brightness by 1 magnitude (ti, td), where ti=dt/dm at 
corresponding phases. Results are listed in Table 1. 
 
Table 1. The characteristics of the mean light curve of the Mira-type stars. 
 
Star T Cep X CrB U UMi U Cyg BG Cyg 
P, d 389.47±0.07 241.1±0.1 325.9±0.1 465.49±0.03 288.1±0.2 
Δm 1.72±0.04 4.33±0.02 2.63±0.02 2.95±0.02 2.3±0.1 
Asymmetry, 
M-m 
0.47±0.01 0.506±0.006 0.504±0.005 0.47±0.01 0.42±0.03 
mmax 7.07±0.03 9.24±0.02 8.74±0.01 7.69±0.02 10.98±0.08 
mmin 8.79±0.04 13.6±0.3 11.38±0.02 10.65±0.03 13.3±0.1 
JDmax, 
24….. 
0.263±0.003 49244.9±0.5 42769.4±1.3 45466.8±2.1  
mi 31.6±1.1 17.5±0.3 16.9±0.6 64.5±4.6 37.7±2.8 
md 39.3±1.9 16.9±0.3 27.4±1.6 60.8±4.5 56.1±9.3 
ti 116±16 17.36±0.3 38.9±0.6 46±2 31±3 
td -83±8 -18.03±0.3 -39.7±0.6 -96±7 -60±12 
r1 0.82±0.02 2.16±0.06 1.3±0.04 1.39±0.04 1.11±0.06 
r2 0.06±0.02 0.13±0.01 0.11±0.01 0.12±0.01 0.17±0.06 
Φmax (r1) 0.263±0.003 0.065±0.005 0.441±0.002 -0.27±0.01 -0.43±0.01 
max (r2) 0.11±0.05 0.15±0.02 0.37±0.01 -0.12±0.01 -0.08±0.06 
Nh/Nm 0.60±0.28 0.37±0.24 0.42±0.25 0.23±0.48 - 
Type I I I II - 
ρ1 0.40±0.15 -0.1±0.23 0.98±0.15 0.84±0.13 - 
ρ1⁄σρ 2.71 -0.4 6.53 6.35 - 
ρ2 -0.2±0.16 0.47±0.20 -0.6±0.24 -0.8±0.18 - 
ρ2⁄σρ -1.2 2.27 -2.6 -4.5 - 
 
   Parameters of the mean light curve for star BG Cyg have been determined on 
the observations on negatives of the seven-camera astrograph of the 
Astronomical Observatory of the Odessa National University. The interval of 
observations covers 11297 days (about 30 years). The phase light curves for all 
stars are shown on Fig. 1. 
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Fig.1. The approximations of the phase light curves using the statistically optima l 
trigonometric polynomial fit and corresponding ±1σ "error corridors". The parameters of the 
curves are given in Table 1. 
 
   The hump on an ascending branch is present at many long periodic variable 
stars. But it appears far not in each cycle. All investigated stars can be 
subdivided into two types: "Type I" contains stars which have a plenty of humps. 
Relative quantity of humps Nh/Nm for them, as a rule, more than 0,3. "Type II" 
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contain stars with small quantity of humps or steps and for them Nh/Nm≤0,3. 
Here Nh/Nm – the ratio of (observable) number of humps to (observable) number 
of maxima. Usually, the duration of a single hump is about 0.07 – 0.12 periods. 
   Also correlation coefficients between a phase of occurrence of a hump and 
duration of a hump (ρ1) and between a phase of occurrence of a hump and 
average brightness of a hump (ρ2) have been calculated. Possibly, presence or 
absence of correlation may be biased by selection effects (limiting amplitude of 
humps). However the tendency is observed that, for small amplitude stars, the 
duration of the hump is larger.  
   The time behavior of amplitude and average brightness was studied. The 
dependences are shown on Fig. 2-6. 
        
  
 
Fig.2. The average brightness changes with the cycle of about 1400 days. 
 
 
 
 
Fig.3. Value of a cycle of variations of average brightness and amplitude is not certain.  
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Fig. 4. The average brightness changes with the cycle of about 1025 days.  
 
   Most likely, variations of average brightness are caused by local processes in 
atmospheres and envelopes of stars and are not evolutionary. The same it is 
possible to tell about variations of amplitude. The shock wave from a radial 
stellar pulsation passes in layers with parameters changing by accidental image 
that is shown in chaotic or quasi-periodic variations of amplitude from a cycle to 
a cycle. 
 
 
 
 
Fig.5. The average brightness changes with the cycle of about 1680 days.  
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Fig.6. Value of a cycle of variations of average brightness and amplitude is not certain.  
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